Because of previous inconsistencies in the observed relation of cigarette smoking to non-Hodgkin's lymphoma, this association was investigated in the Selected Cancers Study, a population-based case-control study of 1,193 non-Hodgkin's lymphoma cases and 1,903 controls, conducted between 1984 and 1988. Study subjects were men, and the median age of non-Hodgkin's lymphoma cases was 50 years (range, 32-60 years). As compared with the risk among men who had never smoked cigarettes, the risk among ever smokers was not increased (odds ratio (OR) = 1.05, p ~ 0.50), but the risk was significantly elevated among men who reported smoking >2 1 /2 packs per day and among men who had smoked for 30-39 years (OR = 1.45 in each group, p < 0.05). The estimated odds ratio among the 350 heavy smokers (>50 pack-years) was 1.41 (95% confidence interval 1.08-1.85) after controlling for educational achievement, various occupational and medical exposures, and other potential confounders. The observed associations, however, tended to vary by age, with the odds ratio among heavy smokers decreasing from 2.8 among 32-to 44-year-olds to 1.1 among men over 55 years of age. These age-related differences, which may account for some of the inconsistencies seen in previous studies of cigarette smoking and non-Hodgkin's lymphoma, should be considered in future investigations. Am J Epidemiol 1998; 148:833-41.
Hodgkin's lymphoma has not been studied extensively, moderate (but not always statistically significant) increases in risk have been reported among various groups (8) (9) (10) (11) , and some results suggest that the relation to high-grade lymphomas may be stronger (9) . Furthermore, the single cohort study (12) that examined the relation of smoking to non-Hodgkin's lymphoma found an overall relative risk of 2.1 that increased to 3.8 among men who smoked > 1 pack per day. An association is biologically plausible; that is, cigarette smoking is associated with various immunologic alterations (13) (14) (15) (16) , and tobacco smoke contains chemicals that are carcinogenic for lymphoid tissue (17) . However, several studies (7, 18, 19) , including a recent investigation of > 1,000 non-Hodgkin's lymphoma cases (20) , have found no difference in risk between smokers and nonsmokers.
The goal of this case-control study was to examine the relation of various aspects of cigarette smoking, such as intensity and duration, to the risk of nonHodgkin's lymphoma among men.
MATERIALS AND METHODS

Cases
This case-control study was originally designed to examine the association between military service in Vietnam and various cancers (including nonHodgkin's lymphoma and Hodgkin's disease). The enrollment of subjects has been described (21) (22) (23) , and previous analyses found that men who had served in the US military in Vietnam had a modestly increased (OR = 1.47) risk for non-Hodgkin's lymphoma (21) . Men were considered eligible for the study if they 1) lived in an area covered by one of eight participating cancer registries; 2) had an initial diagnosis of non-Hodgkin's lymphoma, Hodgkin's disease, or "lymphoma, not otherwise specified" between 1984 and 1988; and 3) were between 15 and 39 years of age in 1968. This age criterion, which ensured that men would have been eligible to have served in Vietnam, resulted in the enrollment of relatively young cases (median, 50 years; range, 32-60 years).
A total of 2,354 men with an initial diagnosis of lymphoma were identified and contacted by registry personnel; 2,073 (88 percent) of these ascertained cases were interviewed, on average, ~100 days after diagnosis (23) . Data were obtained from a proxy respondent for 121 cases who died before an interview could be conducted, and the possible effect of these proxy interviews on the observed associations was examined.
Slides or tissue blocks were obtained for 2,004 (97 percent) men who had been interviewed, and three pathologists with expertise in the diagnosis of lymphoma reached a consensus diagnosis after independent and blinded evaluation of the specimens. The initial diagnosis was confirmed for 93 percent of the diagnoses; 1,511 specimens were diagnosed as nonHodgkin's lymphoma and 343, as Hodgkin's disease; 95 percent of the unconfirmed diagnoses were due to an "inadequate specimen." Non-Hodgkin's lymphoma cases were further categorized according to the Working Formulation (24, 25), a widely used grading system that is based on differences in prognosis (26) .
Additional exclusions were made if the subject had acquired immunodeficiency syndrome (AIDS) {n = 290), reported a previous diagnosis of lymphoma (n -10), or was missing information on smoking intensity or duration (n = 18). These 318 exclusions resulted in a final sample size of 1,193 non-Hodgkin's lymphoma cases.
Controls
Controls were frequency matched to lymphoma (non-Hodgkin's lymphoma and Hodgkin's disease) cases within each of the eight registries and within 5-year age groups. Households were selected by random digit dialing and, when the presence of an eligible control was established, personnel at the participating tumor registry conducted the interview. Information concerning the eligibility of a control was provided by 82 percent of the 15,768 contacted households, and 1,910 (83 percent) of the 2,299 identified controls completed the interview. An additional seven men were excluded because of AIDS or missing information on cigarette smoking, resulting in a final sample size of 1,903 controls. Because of the differing age distributions of non-Hodgkin's lymphoma and Hodgkin's disease, the frequency matching resulted in the non-Hodgkin's lymphoma cases' being slightly older (mean, 2 years) than were controls.
Sources of data
A standardized questionnaire, which required about 50 minutes to complete, was used during the telephone interview to collect data on demographic characteristics and on suspected risk factors for the various cancers; these characteristics included various medical conditions and treatments, behaviors, and occupational exposures (23) . In-person interviews were conducted when necessary to secure participation (58 cases, 36 controls).
For cigarette smokers, data were obtained on the average number of packs smoked daily (intensity), cumulative number of years of smoking (duration), age at which smoking began, and for former smokers, the number of years since quitting. Several analyses focussed on pack-years, an index constructed by multiplying the number of packs smoked daily by the number of years smoked. Additional analyses examined the relative importance of smoking intensity versus duration and whether pack-years adequately summarized information on intensity and duration. Because smokers in poor health tend to stop smoking (27) , most analyses considered men who had stopped smoking within the previous year to be current smokers. Of the men who had ever smoked, 24 percent of the 556 cases and 7 percent of the 734 controls reported quitting within the last year.
Statistical analyses
Men were excluded from the analyses if the questionnaire or registry report suggested that they had AIDS or a related illness, a previous diagnosis of lymphoma, or if information on either smoking intensity or duration was not available; this resulted in a total of 1,193 cases and 1,903 controls for most analyses. All analyses accounted for the frequencymatched design through the use of indicator variables for the five age categories and eight registries in unconditional logistic regression models; year of birth within each age category was also included as a co-variate. Very similar results, however, were obtained using conditional logistic regression.
Because the relation of smoking duration to nonHodgkin's lymphoma tended to be nonlinear, smoking characteristics were modeled as either categorical variables or with natural splines in S-Plus (28) . (Splines are piecewise polynomials that are modeled separately within regions of the predictor variable and are forced to join "smoothly.") Several characteristics, such as educational achievement and various medical conditions, were examined as potential confounders of the smoking-non-Hodgkin's lymphoma association. Exact analyses were performed (29) if the number of cases or controls within an exposure category was <5.
The relation of cigarette smoking to non-Hodgkin's lymphoma subtypes (25) was examined through the use of polytomous logistic regression (BMDP PR) and by comparing the observed and expected numbers of heavy smokers (2:50 pack-years) within each nonHodgkin's lymphoma subgroup. The expected numbers of heavy smokers for each non-Hodgkin's lymphoma subtype were first calculated within 5-year age groups and then summed over the age categories.
RESULTS
Nonsmokers were slightly younger (mean age, 45 years) than were former smokers (49 years) or current smokers (47 years). As compared with men who had never smoked (table 1), current (but not former) smokers tended to have a slightly higher risk for nonHodgkin's lymphoma (OR = 1.17, p = 0.10). NonHodgkin's lymphoma risk also varied by smoking intensity (average daily number of packs) and duration (years of smoking); that is, odds ratios of 1.45 were observed among men who smoked >2!/2 packs per day and among those who had smoked for 30-39 years. Although men who had smoked for >40 years $ Men were considered to be former smokers if they reported having stopped smoking >1 year before diagnosis (cases) or interview (controls). Forty-six men (28 controls and 18 cases) were excluded from the analysis of smoking status because they reported smoking <1 pack-year of cigarettes.
§ Numbers in parentheses, 95% confidence interval.
11 Smokers who were missing information on years smoked or packs per day have been excluded from subsequent analyses.
#Per pack. ** -, as assessed using natural splines, the relation of smoking duration to NHL was not linear (p -0.03 for nonlinear component). The fitted regression model indicated that a man who had smoked cigarettes for 25 years had an odds ratio of 1.28 (95% confidence interval 1.06-1.54) as compared with a nonsmoker.
tt Per 30 pack-years.
were not at increased risk for non-Hodgkin's lymphoma, this subgroup tended to be older (mean age, 56 years), and additional analyses indicated that the importance of smoking duration in non-Hodgkin's lymphoma risk decreased with age (p ~ 0.001 for the interaction term). Figure 1 (left panel) illustrates the interaction between smoking duration and age; that is, whereas non-Hodgkin's lymphoma risk increases with smoking duration among younger (e.g., 37-year-old) men, there is little association among older men. For example, stratified analyses indicated that, while the odds ratio associated with smoking for 30-39 years was 2.3 among men ^45 years of age, it was 0.86 among men 55 years of age. The relation of smoking duration to non-Hodgkin's lymphoma was also modified by the number of packs smoked per day (middle panel, p < 0.001 for interaction). Smoking duration was not related to non-Hodgkin's lymphoma risk among men who smoked ^'/2 pack daily, but the estimated risk increased 1.7-fold for each 20 years of smoking among men who smoked ^2 packs daily.
Although the relation of pack-years, defined as smoking intensity (packs per day) X smoking duration (years), to non-Hodgkin's lymphoma risk also tended (p ~ 0.10) to vary by age, a positive association was seen even among older men ( figure 1, right panel) . Subsequent analyses (table 1) that categorized men as nonsmokers (referent group), light smokers (<20 pack-years), moderate smokers (20-49 pack-years), or heavy smokers (s50 pack-years) indicated that non-Hodgkin's lymphoma risk was increased only among the latter group (OR = 1.61, 95 percent confidence interval (CI) 1.24-2.08). Furthermore, as assessed by differences in log-likelihood ratios between models, this categorization of pack-years adequately summarized the effects of both smoking duration and intensity on non-Hodgkin's lymphoma risk. Neither cigar (« = 388) nor pipe (n = 451) smokers were at increased risk for non-Hodgkin's lymphoma (data not shown).
Bivariate analyses suggested that the age at which men began smoking cigarettes and the number of years since smoking cessation were also related to nonHodgkin's lymphoma risk (table 2) . As compared with nonsmokers, for example, the odds ratio decreased from 1.31 among men who began smoking before age 15 to 0.69 among men who started smoking after age 24 (p < 0.05 for trend). Men who began smoking at a relatively young age, however, also tended to smoke more intensely and for a longer period, and controlling for pack-years reduced the differences in odds ratios across smoking categories (final column, p = 0.13 for trend). Somewhat similar results were seen for years since smoking cessation. Adjustment for pack-years reduced the trend in non-Hodgkin's lymphoma risk across categories of years since quitting. After having .) The left panel shows that, whereas the probability of non-Hodgkin's lymphoma increased with smoking duration among younger men, little association was seen among older men. The middle panel shows that the relation of smoking duration to non-Hodgkin's lymphoma risk was strongest among men who smoked a2 packs per day. Both interactions (duration x age and duration x intensity) were statistically significant at the 0.01 level. The panel on the right shows the relation of pack-years to non-Hodgkin's lymphoma (NHL) risk for men of three ages; p -0.10 for the pack-year x age product term. When statistical significance was assessed, analyses of age at initiation were limited to men who had ever smoked, and analyses of smoking cessation were limited to former smokers.
t Among smokers, the odds ratios forage at smoking initiation have been adjusted to 40 pack-years, the mean number of pack-years among men who began smoking before age 15. Among former smokers, the odds ratios for years since smoking cessation have been adjusted to 22 pack-years, the mean number among former smokers.
$ SD, standard deviation.
stopped smoking for 5-9 years, former smokers had a non-Hodgkin's lymphoma risk comparable to that among men who had never smoked. The relation of several potential confounders to nonHodgkin's lymphoma risk was then examined (table  3) . Non-Hodgkin's lymphoma risk was found to be significantly lower among men who had completed 4 years of college than among those who did not finish high school (OR = 0.75) and among Hispanics than among whites (OR = 0.60). In contrast, the risk for non-Hodgkin's lymphoma was elevated (ORs of 1.5-1.7) among men who had never married or who had used intravenous drugs, possibly reflecting the incomplete reporting of AIDS, and among men who had been raised in a Jewish household (OR = 1.47, p -0.07). In general, associations with the various medical conditions were inversely related to the prevalence of the characteristic. For example, organ transplantation and systemic lupus erythematosus increased the risk for non-Hodgkin's lymphoma by more than fivefold, but each was reported by fewer than 10 men. Odds ratios of 2-3 were observed among men who reported having enlarged lymph nodes 3 years before the interview or a first-degree relative with lymphoma or leukemia. Unexpectedly, non-Hodgkin's lymphoma risk also varied according to a history of chicken pox (OR = 0.80, p = 0.02) and tonsillectomy (OR = 1.17, p = 0.05).
Controlling for several of the demographic, behavioral, and medical characteristics shown in table 3 reduced the odds ratio among heavy smokers from 1.61 (table 1) to 1.41 (95 percent CI 1.08-1.85); this difference was largely due to confounding by educational achievement. (Various models included educational achievement, race/ethnicity, alcohol consumption, a relative with leukemia or lymphoma, raised in a Jewish household, never having married, previously enlarged lymph nodes, tonsillectomy, chicken pox, organ transplant, systemic lupus erythematosus, and military service in Vietnam.) In addition to its relation to non-Hodgkin's lymphoma risk, heavy cigarette smoking was reported by 27 percent of men who did not finish high school versus 5 percent of men who had completed ^4 years of college.
To investigate whether cigarette smoking was preferentially associated with specific non-Hodgkin's lymphoma subtypes, we compared the observed and expected numbers of heavy smokers within various morphologic categories (table 4) . Heavy smokers tended to be overrepresented among men with either low-or high-grade lymphomas, but differences between the observed and expected cell frequencies were quite small. After adjustment for age and educational achievement, estimated odds ratios for heavy smoking and non-Hodgkin's lymphoma subtypes were 1.65 (low grade), 1.14 (intermediate grade), and 1.73 (high grade) as compared with controls. Polytomous logistic regression analyses indicated that this difference in risk across subgroups was not statistically significant (p ~ 0.25). * All odds ratios have been adjusted for age and registry. If the number of either exposed controls or exposed cases was <5, estimated confidence intervals were calculated using exact (mid-P) statistical procedures.
t Information on educational achievement was missing for two men, and information on oz-yr was missing for 119 men. Thirteen men who reported race/ethnicity as other than one of the four indicated categories have been excluded. (One oz-yr is the usual number of ounces of alcohol consumed per week x the number of years the men drank; 1 oz = 29.6 ml).
$ Percentage of men with specified exposure who are NHL cases. § Numbers in parentheses, 95% confidence interval. H Fordichotomous characteristics, the number of controls and cases with the specified characteristic is shown; the referent group is men without the characteristic.
# Enlarged lymph nodes >3 years before diagnosis or interview; irradiation £5 years before diagnosis or interview.
DISCUSSION
The results of this population-based case-control study indicate that heavy cigarette smoking may be an important risk factor for non-Hodgkin's lymphoma among young and middle-aged men. Compared with the risk among men who had never smoked cigarettes, the risk for non-Hodgkin's lymphoma among heavy cigarette smokers (£50 pack-years) was 1.41 (95 percent Cl 1.1-1.8); this association was independent of educational achievement and several other potential confounders. This increased odds ratio, however, decreased rapidly and, after 5-9 years of smoking cessation, the risk among former smokers approached that of men who had never smoked. Several other findings, * All odds ratios are for a heavy smoker (>50 pack-years) relative to a nonsmoker and have been adjusted for age and educational achievement.
t Number of men with each NHL subtype that would be expected if heavy cigarette smoking were similarly related to all NHL subtypes. These values were calculated from the marginal distributions of cases and smokers within each 5-year age group; the (age-specific) expected numbers were then summed over the five age groups. such as the relation of non-Hodgkin's lymphoma risk to tonsillectomy, chicken pox, educational achievement, and having been raised in a Jewish household, are of interest but need confirmation.
In a recent 20-year cohort study of 49 nonHodgkin's lymphoma deaths among 17,633 men (12), odds ratios among cigarette smokers were 2.1 (overall) and 3.8 (>1 pack daily) as compared with those among nonsmokers. Although some case-control studies (8) (9) (10) (11) have also found cigarette smokers to be at slightly increased risk for non-Hodgkin's lymphoma (ORs = 1.2-1.5), statistical significance (8, 10, 11) or a dose-dependent relation (9, 10) has often been absent. Several other case-control studies (7, 18, 19) , including one with 1,177 cases (20) , have shown no association between cigarette smoking and nonHodgkin's lymphoma. As many of the negative studies (7, 19, 20) had sufficient power to detect a modestly increased risk (e.g., OR = 1.5), it has frequently been asserted that cigarette smoking is unrelated to non-Hodgkin's lymphoma (30) .
Although it is also possible that some of the variability in the published estimates concerning the smoking-non-Hodgkin's lymphoma association may be due to chance, the effect modification by age that was observed in the current study should also be considered. The observed interaction between smoking duration and age was statistically significant at the 0.001 level, and we found that the odds ratio for heavy smokers was 2.6 among men <45 years of age versus 1.2 among men over 50 years of age. The average age at diagnosis for non-Hodgkin's lymphoma is ~65 years (31) , and cases in several previous studies (7, 8, 19) have been substantially older than those in the current analyses. The single investigation that mentioned age stratification used a cutpoint of 65 years (7).
Although not widely studied, age may modify the relation of cigarette smoking to various cancers. Some evidence suggests that, whereas low doses of a carcinogen are most effective in producing tumors among older animals, younger animals are more sensitive to higher doses (32) . Age-related differences have also been seen in observational studies, with the lung cancer risk among male cigarette smokers (vs. nonsmokers) decreasing from 40 (among 50-to 59-year-olds) to 20 (ages 75-79 years) (33) . Although this variability may reflect a decrease in the importance of cigarette smoking, it is also possible that the cumulative effect of other factors increases with age, or that susceptible men die at relatively young ages. The importance of smoking duration versus intensity in lung cancer risk may also differ by age (34) .
In addition to cancers of the respiratory tract, cigarette smokers are at increased risk for cancers of the kidney, pancreas, urinary tract, and cervix and for leukemia (30, 35, 36) . Although carcinogenic constituents of tobacco smoke (17) may be absorbed into the circulation, intense and prolonged antigenic stimulation, particularly when combined with immune dysfunction, may also influence non-Hodgkin's lymphoma risk (2, (37) (38) (39) . Cigarette smoking, which can lead to chronic inflammation of the airways, is associated with numerous changes in the immune system (13), including altered CD4+ counts and T-cell function (14) (15) (16) . Furthermore, in a process that parallels antigenic stimulation, a glycoprotein from the tobacco leaf can interact with a membrane component of lymphocytes (40) .
Although based on small numbers, we found that heavy smokers were 1.7 times as likely to have highgrade lymphomas as were nonsmokers, and previous studies of men have also found that smoking was most strongly associated (odds ratios of 2.3 (9) and 1.7 (20) ) with this subtype. Although the differences that we observed in non-Hodgkin's lymphoma risk across subtypes were not statistically significant (p ~ 0.25), it should be emphasized that these analyses had relatively low power (~40 percent power to detect an OR of 1.5 between non-Hodgkin's lymphoma subgroups) and that the interobserver agreement in the diagnosis of high-grade lymphomas may have been only moderate (41) . Because the Working Formulation is based on morphologic and prognostic differences rather than pathogenesis (26) , it may be useful to include immunologic markers in future studies of non-Hodgkin's lymphoma subtypes.
Because of the relatively modest association that we observed between smoking and non-Hodgkin's lymphoma, it is important to consider the possible effects of various biases. Participation among the controls was -83 percent and, if healthy male smokers were less likely to participate than were nonsmokers (42), the observed associations could be biased upward. This overestimation could have been further exacerbated if some men with non-Hodgkin's lymphoma attributed their disease to cigarette smoking, leading to an overreporting of either duration or intensity. However, the exclusion of the 121 deceased cases did not alter our results even though proxies may have been most likely to overestimate the extent of cigarette smoking. The conflicting results of previous casecontrol studies of smoking and non-Hodgkin's lymphoma suggest that these possible biases may not be widespread, and cigarette smokers were found to be at increased risk in the single cohort study that examined this association (12) .
In summary, we found that heavy cigarette smokers were at a moderately increased risk (OR ~ 1.4) for non-Hodgkin's lymphoma as compared with nonsmokers. Although this association was independent of several potential confounders, the interactions that we observed suggest that the role of cigarette smoking in the development of non-Hodgkin's lymphoma may be most important among relatively young men. As emphasized in reports of smoking and lung cancer (33) , possible interactions with age should be explored in future studies of non-Hodgkin's lymphoma.
